Microorganisms from the oral flora were examined for the production of bacteriolytic substances. Among human viridans group streptococci, only one group of strains with thiol-dependent properties was shown to secrete enzymes with bacteriolytic activity on heat-killed cells of Micrococcus luteus on double-layer nutrient agar plates. By morphology, culture requirements, and biochemical properties, they were found to conform to descriptions of nutritionally variant streptococci (NVS A variety of antagonistic substances have been shown to be produced by streptococci of the saprophytic oral flora. Lactic and acetic acids, hydrogen peroxide, cyanosulfur compounds, dextranase (20, 23, 26) , and a variety of bacteriocins (9, 18, 27) are produced and released in human saliva by different species of streptococci. Their presence is believed to play an important role in the maintenance of the state of equilibrium in oral and plaque ecologies (42) .
Microorganisms from the oral flora were examined for the production of bacteriolytic substances. Among human viridans group streptococci, only one group of strains with thiol-dependent properties was shown to secrete enzymes with bacteriolytic activity on heat-killed cells of Micrococcus luteus on double-layer nutrient agar plates. By morphology, culture requirements, and biochemical properties, they were found to conform to descriptions of nutritionally variant streptococci (NVS). Bacteriolytic activity was shown to be a constant property of all of the human oral NVS isolated and a property of some reference strains of NVS from clinical sources. No other known species of viridans group streptococci demonstrated bacteriolytic activity. Analysis of bacteriolytic activity could be a useful tool for both the isolation and identification of this fastidious group of microorganisms.
A variety of antagonistic substances have been shown to be produced by streptococci of the saprophytic oral flora. Lactic and acetic acids, hydrogen peroxide, cyanosulfur compounds, dextranase (20, 23, 26) , and a variety of bacteriocins (9, 18, 27) are produced and released in human saliva by different species of streptococci. Their presence is believed to play an important role in the maintenance of the state of equilibrium in oral and plaque ecologies (42) .
Recently, the production of bacteriolytic enzymes has been described in some microorganisms. These microorganisms, such as staphylococci, enterococci, lactobacilli, and gram-negative bacteria (17, 28, 29) , can occasionally be found in the human oral flora. Bacteriolytic enzymes have been recognized as lysozyme-like proteins, and they have been ascribed a possible role in the pathogenicity of the strains that produce them (33) . In addition, since it has been demonstrated that the production of such bacteriolytic enzymes is a constant characteristic of some species and that the enzymes excreted can be species specific (34, 35) , the possibility of using the analysis of the bacteriolytic patterns of some strains for both species separation and identification has been suggested (40) .
For a long time it has been known that lysozyme is present in most animal secretions and human saliva (41) . Its role in oral ecology has been examined extensively, but contrasting results have been obtained by different researchers on the real importance of this protein in the regulation of microbial multiplication in the oral cavity (15, 19, 22, 31) . Recently, it has been claimed that lysozyme could play a role in the mechanisms of adhesiveness of oral streptococci to hydroxyapatite (31) (10) .
In some cases, the API 20 Strep profile (Ayerst Italiana) was used to identify oral streptococci. NVS strains from patients with endocarditis were kindly provided by I. Van de Rijn, Winston-Salem, N.C.
RESULTS
Growth of oral bacteria on M. luteus double-layer agar plates. When the specimens taken from the various oral sites were grown on M. luteus agar medium either aerobically or anaerobically, a variable number of microbial colonies surrounded by a clear halo of bacteriolysis was observed (Fig.  1) . Bacteriolytic colonies were found in cultures of samples from all 20 subjects. The incidence ranged from less than 1 to more than 10% with respect to the other nonlytic colonies that grew on M. luteus double-layer agar plates.
The incidence of bacteriolytic colonies in various areas of the oral cavity was analyzed by using different media under either aerobic or anaerobic conditions. The highest incidence was observed on the occlusal surfaces of molar teeth, where means of between 1.5 and 10.7% of the total flora that grew on the plates were found ( (Table 1) .
Characterization of bacteriolytic strains from the oral cavity. Strains showing bacteriolytic activity were isolated in pure culture in order to study their morphologies, growth rates, and metabolic requirements. Table 2 gives the properties of 34 strains isolated from 20 subjects. They all appeared as a group of extremely fastidious microorganisms that grew more poorly in pure culture on medium that is conventionally used for oral streptococci. Several substrates, such as 5% sheep blood, hemin, vitamin K, and cystine, which are required by many microaerophilic or anaerobic oral bacteria, were unable to stimulate growth. Growth occurred only in medium supplemented with IsoVitaleX. When we evaluated the effect of the various IsoVitaleX components on cell growth, only cysteine turned out to have a stimulatory effect equal to that of complete IsoVitaleX. Cysteine showed maximal activity at 100 to 200 ktg/ml and could be substituted by 20 ,ug of vitamin B6 (as pyridoxal phosphate) per ml. The finding of a suitable medium for growth allowed us to characterize bacteriolytic strains for both their morphologies and metabolic requirements. They appeared coccal in shape with short chains; when grown on either CA or Todd-Hewitt medium supplemented with cysteine, they were variable by Gram staining, whereas when grown on thioglycolate medium with cysteine, they were all markedly gram positive. The phenomenon of satellitism, which is a characteristic of most thiol-dependent streptococci, was present when they were cultured on CA near the colonies of Staphylococcus epidermidis. All of the strains tested were nonhemolytic on CA-cysteine with 5% sheep blood, and in all cases, growth under aerobic conditions was poor, whereas under anaerobic conditions growth was generally excellent. A good rate of growth could also be obtained in a 5% C02 atmosphere, especially after several passages in pure culture.
By using the API 20 Strep system, we found that most strains did not fall into any known profile and could not be identified at the species level. They were thus defined as NVS. Biochemical tests for the identification of the biotypes of the NVS isolated were performed by the method of Bouvet et al. (6) . As shown in Table 2 , 3 strains were found to belong to biotype I, 13 to biotype Il, and 18 to biotype III.
The bacteriolytic activities of the isolated thiol-dependent strains were present in most media in which the lytic strains were grown, such as CA, brain heart infusion agar, and Todd-Hewitt medium, all of which were supplemented with cysteine; but it was completely absent when they were cultured on thioglycolate medium supplemented with cysteine.
M. luteus AH-47 was shown to be extremely susceptible to the lytic activity of NVS, as it was to the lytic activity of lysozyme (MIC, 0.05 ,ug/ml). M. lysodeikticus (Sigma) and of some other reference streptococci normally found in the human oral cavity which are known to require neither thiols nor vitamin B6 for growth. We found that all the thiol-dependent strains from humans with endocarditis were bacteriolytic, while all the non-thiol-dependent reference strains of human oral streptococci were not (Table 3) .
DISCUSSION
Among the saprophytic oral flora, a group of streptococci that produces enzymes with bacteriolytic activity on M. luteus has been identified. All the strains demonstrating this property were found to be thiol dependent and were defined as NVS. Conversely, ail of the 104 oral streptococcal isolates demonstrating the characteristics of the NVS secreted enzymes with bacteriolytic activity. Furthermore, when we examined the reference strains from infectious sources, all the NVS from humans with endocarditis were bacteriolytic. Thus, it seems that the excretion of enzymes with bacteriolytic activity by oral streptococci is always coupled with thiol dependency.
The production of a bacteriolytic enzyme by oral streptococci has been described recently by Baba (1) and Baba et al. (2) . They studied the bacteriolytic activities of streptococci in an extremely species-specific system, in which a strain of S. mutans was able to lyse living cells of S. sanguis ATCC 10558, but not those of S. sanguis ATCC 10556 or ATCC 10557. Thus, they concluded that the S. mutans strain showed a bacteriocin-like activity on S. sanguis rather than a bacteriolytic activity such as that of lysozyme; in fact, in our experiments, among 11 reference strains of S. mutans, none showed any sort of bacteriolytic activity on M. luteus (Table 3) . Therefore, the production by oral streptococci of an enzyme with bacteriolytic activity on M. luteus seems to be a property that mimics that of lysozyme more than a strictly species-specific interaction. In fact, in our experience, oral NVS were able to lyse killed cells of M. luteus AH-47 highly efficiently, but they lysed killed cells of M. lysodeikticus (Sigma) less efficiently and other wild-type lysozyme-resistant strains of micrococci and some strains of staphylococci and enterococci quite poorly.
NVS are a group of fastidious microorganisms whose presence in the human flora has been recognized since the early 1960s (11) . Interest in the study of these bacteria has increased in the past 10 years, since they were found to be involved in some very important and severe human infections. In fact, between 5 and 10% of cases of streptococcal endocarditis are caused by NVS (25) , and as for the other VOL. 28, 1990 on October 28, 2017 by guest http://jcm.asm.org/ Downloaded from viridans group streptococci, their main location in humans is believed to be the mouth (12) . Because of their peculiar growth requirements, NVS are often overlooked in blood cultures, causing a considerable number of false-negative hemocultures in microbiological laboratories that do not use thiol-enriched media (24) . The diagnostic problem in the recognition of NVS in the blood of patients with endocarditis is of considerable importance because of the higher resistance of these streptococci than of other viridans group streptococci to penicillin (13, 30) . This fact has led most investigators to stress the need for the use of thiol-enriched medium in microbiological laboratories when culturing blood samples from patients suffering from endocarditis (16, 24) .
In addition, it has been claimed that fastidious microorganisms resembling NVS are involved not only in endocarditis but also in other infections, both in humans and in animals. Conjunctivitis (3), periorbital abscesses (21) , and corneal ulcers in horses (7) (36) (37) (38) , Van de Rijn and co-workers have tried to resolve the problem of the taxonomy of NVS. Even though they found some similarities between NVS and S. mitis, such as the production of a chromophore by both groups in a chemically defined medium, immunochemical studies allowed them to separate NVS into three serotypes, whereas no similar serotypes could be demonstrated either in the S. mitis species or in other oral streptococcal species (36) (37) (38) . Finally, in an analysis of biochemical properties and penicillin-binding proteins, Bouvet et al. (6) have shown that NVS are actually substantially different from S. mitis and S. sanguis and also from other viridans group streptococci. On the basis of these findings, they proposed that NVS could be included in at least two new species of streptococci (4) .
The production of bacteriolytic activity by oral NVS is an additional original property that supports the findings of Van de Rijn and colleagues (36) (37) (38) and Bouvet et al. (4) that these strains could represent a group with characteristics different from those of all other viridans group streptococci.
As mentioned above, lysozyme has been shown to produce a variety of effects on oral bacteria, such as a decrease in glucose incorporation (32) , an interaction with the adherence mechanisms of streptococci to the tooth surface (31) , and the alteration of bacterial aggregation (15) ; in addition, lysozyme-like enzymes of staphylococci have been demonstrated to play an important role in the pathogenicity of these microorganisms and in their resistance to phagocytosis by polymorphonuclear leukocytes (33) . Considering that NVS were demonstrated in this study to produce constantly an enzyme with lysozyme-like activity and that they were isolated mostly from the occlusal surface of molar teeth, which is also the area where cariogenic S. mutans strains are more often isolated (14) , a possible interaction between NVS and S. mutans, with the involvement of the lytic enzyme(s), is under investigation.
